Autophagy is a highly conserved pathway that is essential for cell survival and is implicated in several physiological processes and human pathologies. Autophagy occurs when cytoplasmic components are sequestered and delivered into vacuoles or lysosomes for degradation by double-membrane vesicles called autophagosomes. Autophagosomes are formed by expansion and sealing of a cisterna known as the phagophore or isolation membrane, which leads to the envelopment of cytoplasmic material. Phagophores are very likely generated at a specialized site where autophagy-related (Atg) proteins come together, which has been called the phagophore assembly site or preautophagosomal structure (PAS) in yeast and appears also to be present in mammals ([@bib22]; [@bib17]; [@bib5]). In higher eukaryotes, several membrane sources contribute to the autophagosome lipid bilayers, including specialized ER domains, the Golgi complex, plasma membrane, mitochondria, and recently, recycling endosomes ([@bib11]).

Atg9 is a multispanning membrane protein, essential for autophagy in yeast and mammals ([@bib8]; [@bib18]; [@bib25]), highly conserved across species, and ubiquitously expressed in multicellular organisms. This protein has been thought to be involved in the supply of lipid bilayers required for the formation of an autophagosome. However, as a paper in this issue (see Yamamoto et al.) and other recent publications have revealed, Atg9 is in fact a key regulator of autophagy induction. Atg9 provides membranes for the formation of the PAS in yeast ([@bib13]; [@bib24]) and possibly also in mammalian cells during starvation ([@bib20]) and selective types of autophagy ([@bib7]; [@bib6]).

Several previous studies have looked at the distribution and the dynamics of the movement of endogenous Atg9 by fluorescence microscopy (see for example [@bib13]). Exploiting the technique of tagging Atg9 at its chromosomal locus with multiple copies of GFP (previously used by [@bib15]) and combining it with high-sensitivity light microscopy, [@bib24] visualize Atg9 vesicles as highly motile puncta in the cytosol and provide new information about their dynamic interaction with autophagosomal membranes. Using single-particle tracking, they show the existence of a highly motile population of Atg9 vesicles freely diffusing within the cytosol. They further analyzed immunoisolated vesicles with dynamic light-scattering and electron microscopy techniques, leading to a comprehensive description of these carriers: 30--60 nm in size containing 24--32 Atg9 molecules per vesicle. Observing an increased number of vesicles during starvation, [@bib24] use photoconversion techniques to monitor the lifetimes of the forming Atg9 vesicles. They show that the number of Atg9 vesicles is up-regulated with rapamycin treatment, a drug that inhibits the TOR (target of rapamycin) kinase and induces autophagy. The authors finally demonstrate that Atg9 vesicles are a source of autophagosomal membranes, in agreement with proposals made in previous studies ([@bib18]; [@bib4]; [@bib13]). Furthermore, using quantitative fluorescence microscopy, they show a coalescence of Atg9 vesicles at the PAS, leading to the model whereby, on average, three vesicles contributes to the formation of the PAS. In this model, depicted in [Fig. 1 A](#fig1){ref-type="fig"}, Atg9 is now inserted into the outer bilayer of the phagophore, where it remains until it is removed from complete autophagosomes or the vacuole membrane. Importantly, their data suggest that Atg9-containing vesicles are among the first components of the PAS but that, after nucleation of the phagophore, these vesicles do not contribute to later stages of autophagosome biogenesis.

![**Trafficking routes of Atg9.** Red carriers indicate vesicles delivering Atg9 to autophagosomal intermediates (anterograde transport; continuous arrows). The vesicles involved in the retrieval of Atg9 from the autophagosomal membranes are shown in blue (retrograde transport; dashed arrows). Note that for clarity, the Atg9 present in the Golgi complex, the Atg9 reservoirs, or the endosomes is not depicted in either A or B. (A) In yeast, Atg9 is transported from the Golgi to the PAS and/or early autophagosomal precursors in small, highly motile vesicles described by [@bib24] and then retrieved from complete autophagosomes and/or vacuole membranes (black arrows). Gray arrows indicate possible transport routes of Atg9 from and to the Atg9 reservoirs and/or the CUPSs (involved in unconventional secretion of Acb1; [@bib1]). (B) In mammals, mAtg9 trafficked between the Golgi and endosomes in the presence of nutrients. mAtg9 is also found in reservoir-like structures close to Golgi and endosomes. Upon autophagy induction, mAtg9 distributes to endosomal compartments, although the pool at the Golgi (continuous black arrows) or in reservoir-like structures (continuous gray arrows) appears to play a more significant part in autophagosome biogenesis. Contributions from endosomes, however, cannot be excluded. mAtg9 dynamically associates with autophagosomal precursors and undergoes continuous cycling, but it remains unclear whether it is retrieved back to the Golgi (dashed black arrows) or endosomes (dashed gray arrows). Because mAtg9 is not detected on the autophagosome, amphisome, and lysosome surface, mAtg9 removal from the autophagosomal membrane is probably completed before the autophagosome is closed or completed.](JCB_201206119_Fig1){#fig1}

Before this publication, yeast Atg9 was known to traffic through the Golgi complex, and it was known that the Atg9-positive membranes observed by fluorescence microscopy could exchange material with the endosomal system ([@bib13]; [@bib19]). [@bib24] have confirmed these data and, additionally, show that two proteins in complex with Atg9, Atg23, and Atg27 ([@bib9]) are required for Atg9 sorting from the Golgi.

There are two issues to consider when placing these important new findings into the existing data. The first is the relationship between Atg9 vesicles and Atg9 reservoirs. The latter consist of a population of Atg9 found on distinct membrane structures in both yeast and mammalian cells ([@bib14]; [@bib20]) and may relate to the 15--20% immobile population of Atg9-positive membranes detected by [@bib24]. These immobile Atg9-positive structures may also correspond to the compartments for unconventional protein secretion (CUPSs), which possess the same characteristics as the Atg9 reservoirs (e.g., positive for Atg9 and Atg8 and negative for other organelle markers; [@bib1]).

The second issue is how do the Atg9 vesicles contribute to the PAS? Do they fuse with themselves and/or other membranes at this site during the formation of an autophagosome? Previous work has implicated the small Rab GTPase Ypt1 in autophagy and shown that the TRAPPIII tethering complex, directed to the PAS by its unique subunit Trs85, acts as an autophagy-specific guanine nucleotide exchange factor for Ypt1 ([@bib12]). Furthermore, Ypt1 was found on Atg9-positive structures. [@bib10] have now found that Atg11, which binds and directs Atg9 to the PAS ([@bib3]), is a TRAPPIII effector of Ypt1 and could act as a classical coiled-coil membrane tether to target Atg9-containing membranes to the PAS. A Rab/tether-mediated membrane fusion event during the early stages of the formation of an autophagosome is supported by the data that SNAREs are implicated both in fusion and Atg9 trafficking ([@bib16]).

How do these findings relate to Atg9 trafficking and its contribution to autophagy in mammalian cells? Mammalian Atg9 (mAtg9) mainly resides in the Golgi complex ([@bib25]) but, after nutrient starvation, can be found on a compartment that shows partial colocalization with protein markers of early endosomes and recycling endosomes ([Fig. 1 B](#fig1){ref-type="fig"}), which could represent an early intermediate of the phagophore formed de novo ([@bib11]; [@bib20]). Importantly, mAtg9 does not completely colocalize with other Atg proteins at the site where autophagosomes are generated, appears to only transiently interact with the phagophore, and is not significantly incorporated into complete autophagosomes ([@bib20]). Trafficking of mAtg9 is controlled by the same genes identified in yeast. Atg1, Atg2, Atg18, and Atg17 are required for the retrieval of Atg9-formed autophagosomal membranes ([@bib21]; [@bib2]). However, in mammalian cells, the effect of the orthologues on Atg9 trafficking remains less clear, as the loss of the Atg1 orthologue ULK1/2 causes mAtg9 to remain in the Golgi complex ([@bib25]), whereas loss of the Atg17 counterpart FIP200, mammalian Atg2A/B, and the Atg18 counterpart WIPI2 affects its retrograde trafficking ([@bib6]; [@bib20]; [@bib23]). In starvation, mAtg9 has also been found in recycling endosomes, where it colocalizes with ULK1 but does not contribute to the forming phagophore via the ULK1-transferrin receptor-positive vesicles ([@bib11]). Thus, as in yeast, it is likely that the mAtg9 vesicles trafficking to the PAS come from Golgi-derived compartments, which morphologically resemble the Atg9 reservoirs. Although the work of [@bib24] indisputably provides new crucial information about the dynamic association of Atg9 with autophagosomal membranes, future studies will need to address the relationship between the different subpopulations of Atg9 and the function of this protein to solve one of the mysteries that surround the fascinating life of an autophagosome.
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